Large subduction zone earthquakes generally lack location precision in the off-shore direction mainly due to lack of regional stations. Other measurements are needed to refine the epicenters. Fortunately, stacking of the USArray data from a 2008 small earthquake yields a clear water phase (pwP) reflected from the air-water interface after the depth phase (pP) reflected from the water-crust interface. Here we use the differential timing between water phase and the depth phase to help locate smaller events in the area which have well-resolved global source inversions. After calibrating the global arrays at short periods for timing and amplitude of the master earthquake, we are able to examine the initiation process of the main event, which began with an Mw = 4.9 thrust event at 38.19N, 142.68E with a depth of 21 km. The same calibrations are applied to 80 aftershocks of the Mw=9.0 Tohoku-Oki earthquake.
